This study was performed to assess several indices for identifying genotypes at germination stage with the best performance in salinity conditions. In order to evaluate the seed germination of barley genotypes in different levels of salt conditions, an experiment was conducted as factorial arrangement with a completely randomized design with 3 replications. The effect of salinity treatments was studied through an analysis of the germination, yielding results that show significant differences among genotypes. Stress tolerance index, stress tolerance, stress susceptibility index, germination reduction ratio, mean productivity and geometric mean productivity were used. The majority of used indices indicated that ESBYTM8910, 4 Shori and MBS8715 were the best barley genotypes showing the highest stress resistance for the greatest NaCl concentration. This result was similar to those obtained from the analysis of variance and statistical comparison of means of genotypes germination percentages. There were positive and strong correlations of germination percentage in normal and stress condition with STI in high levels of salinity. Thus, this correlation seems to be a useful indicator of tolerant genotypes at this stage.
Introduction
Salinity is one of the major environmental factors that decrease crop productivity and threaten the global food balance (Ashraf et al., 2015) . Abiotic stresses such as drought and salinity are responsible for significant yield losses in barley on a worldwide scale, and yet under severe stress conditions, barley remains to be an important crop used as feed for animals, malt and human food (Katerji et al., 2006) . Therefore, increased salt tolerance is needed for crops grown in areas at risk of salinization. Thus, new genetic sources for salt tolerance and more efficient techniques for their identification are needed (Rana et al., 2002) , also considering that the germination and seedling growth in saline environments are the widely-used screening criteria to select salt tolerant genotypes (Ashraf et al., 2015; Ashraf, 1990; Taghipour and Salehi, 2008) . High plant population is required for better yields, which is only possible if seed germination is satisfactory under saline conditions (Nasseret al., 2001 ). During germination and early stages of development crops are particularly sensitive to higher salinity levels, whereas crops at an advanced growth stage are more vigorous. This is due to germination and early seedling taking place in surface soil where there is high salt accumulation due to evapotranspiration (El Goumi et al., 2014). The detrimental effect of salinity occurs because of osmotic stress and specific ion toxicity. The interaction of specific ion and osmotic effects lead to a reduction in the number of germinated seed as well as retardation in the rate of germination (Kazemi and Eskandari, 2011) . Several researchers have reported the selection of barley genotypes under favourable conditions (Betran et al., 2003) . Selection by the aim of stress condition has been highly suggested too. A number of researchers have preferred the mid-way and believe in selection under both favorable and stress conditions (Ashraf et al., 2015) . Several selection criteria, such as stress tolerance (Rosielle and Hambling, 1981), mean productivity, geometric mean productivity (Ramirez, Kelley, 1998), stress susceptibility index (Fisher and Maurer, 1978) , stress tolerance index (Fernandez, 1992) and yield reduction ratio have been proposed as indicators to identify genotypes with better stress tolerance. High values of TOL and SSI indicate a relatively greater sensitivity of genotypes to this stress. However, while a selection based on these two indices identifies genotypes with high yields under stress conditions, the same genotypes show low yields under non-stress conditions (Kumar et al., 2014) . STI can be used to identify genotypes that have a high yield under both stress and non-stress conditions. This study was conducted to assess the salt tolerance in some barley genotypes at germination time and applying the models that were initially proposed for evaluation stress tolerance at the adult stage.
Materials and methods
The material used for this study comprised 9 barley promising lines and cultivars i.e. STW82153(A), MBS8712(B), ESBYTM8910(C), 4 Shori (D), 5 Shori (E), WB7910(F), Valfajr(G), MBS8715(H) and Jo torsh(I). Germination tests were carried out at 5 levels of electrical conductivities (ds/m) (S1 (control) =4.5, S2=7.5, S3=10.5, S4=13.5 and S5=16.5). Treatments were arranged in a factorial design with 3 replications on the base of a Completely Randomized Design (CRD). Salty solutions were prepared by dissolving NaCl in distilled water at the required concentrations, since this is a common salt that adversely affects plant growth under natural conditions (Yildrim et al., 2011) . First, seeds of each genotype were surface sterilized with 5% sodium hypochlorite solution for 10 min and then rinsed with sterile distilled water three times, to finally be placed on filter paper into 9 cm diameter Petri dishes (25 seeds per Petri dish). In each Petri dish, 5 ml of specific solution was added on alternate days. In order to avoid salt accumulation, filters were replaced in the same interval of time. Seeds were germinated in an incubator at 25ºC and were considered to have germinated when the emerging radical expanded to 2 mm (Saboora et al., 2006) . The number of seeds germinated was counted daily for 10 days. After this period of time, the final percentage of germination was calculated for each treatment. Tolerance indices were calculated with this difference that germination percentage was replaced with yield, so that SSI was calculated according to Fischer and Maurer (1978) . SSI= [1-(GPsi/GPpi)]/SI and SI=1-(GPs/GPp) Where GPpi= genotype germination in non-stress condition GPsi= genotype germination in stress condition GPs= mean germination of all genotypes in stress condition GPp= mean germination of all genotypes in non-stress condition STI and TOL were calculated according to Fernandez (1992) : STI=(GPpi)(GPsi)/(GPp) 2 and TOL=(GPpi-GPsi) GMP, MP and GPr were calculated as follows (Sharifi et al., 2013): GMP= , MP=(GPsi +GPpi)/2 and GPr=1-(GPsi/GPpi) All ratios were arcsine transformed and all statistical procedures were carried out using the R program (Everitt and Hothorn, 2006) . Relationships among variables were determined using Spearman's correlation test, and graphs were created using STATISTICA software. In order to determinate different genotypes and their relationships, cluster analysis was applied. The cluster analysis based on Euclidean distance was performed on the basis of tolerance indices by using the Ward method in different levels of salinity (Sanjay et al., 2015) .
Results
Salt stress had adverse effects on germination (Table 1 . There were significant differences among genotypes and salt levels for germination percentage. Due to the lack of significant statistical difference among genotypes in each level of salinity and the likewise missing difference of genotype × salt stress interaction, a selection of genotypes with best performance in each level of salinity will be possible. The germination rate under control conditions was highest for I, D and C, whereas with the highest levels of salinity this was the case for D and H.
The C and H genotypes had the lowest amounts of range, standard deviation and coefficient of regression among salinity levels and showed the smallest changes (Table 3) . In the highest level of salinity, the best results based on stress tolerance indices (STI, TOL, SSI, MP, GMP) belonged to C, H and D genotypes (Table 4) . Correlation coefficient tests of stress tolerance indices with GPp and Gps showed various results in different levels of salinity (Table 5 ).
The number of clusters was determined by the cluster sum of squares in "Elbow criterion" plot. The cluster analysis showed that the genotypes identified based on indices can be divided into three groups: tolerant, semi tolerant and sensitive genotypes.
Discussion
In saline environments, high accumulation of sodium and chloride ions produce an outside osmotic potential that avoids adequate water uptake, resulting in poor activation of the hydrolytic enzymes and reducing seed germination (Bagci et al., 2003; Zahir and Farrukh, 2012 ). Mass and Grieve (1991) mentioned that barley is a salt tolerant species, which may germinate even under the supply of : Not significant, and significant at the 5% and 1% levels of probability, respectively : coefficient of determination 250 mM NaCl. In the absence of salinity the differences between genotypes are related to seed quality (Adjel et al., 2013) . High levels of salinity were more effective for identification the resistant and salt-sensitive genotypes than lower levels ( * ,**: Significant at the 5% and 1% levels of probability respectively.
Value followed by different letter(s) differs significantly. Genotypes: STW82153(A), MBS8712(B), ESBYTM8910(C), 4 Shori (D), 5 Shori (E), WB7910(F), Valfajr(G), MBS8715(H) and Jo torsh(I)

al., 2004
). According to several reports, a genotype with a highly appropriate response to a certain salinity level cannot necessarily be considered a tolerant genotype.
Instead, a genotype that shows a low yield difference between normal and stress conditions is called tolerant. Fernandez (1992) , who studied the yield of genotypes in normal and stress environments, has divided them into four groups: genotypes that have high yield in stress and non-stress environments (group A), genotypes that have a high yield in non-stress environments only (group B), genotypes that have high yield in stress environments (group C) and genotypes that have low yields in stress and nonstress environments (group D). As an appropriate measure to separate the first group from the other groups, an analysis of the correlation between responses under stress and non-stress conditions as well as quantitative stress tolerance indices, superior indices and consequently genotypes, was used. Generally, indices having high correlations with plant response in stress and non-stress conditions are introduced as the best ones (Ashraf et al., 2015; Ganjeali et al., 2011) . In all of the salinity levels correlation between GPp and Gps was very weak, so selection based on genotype response in one of conditions for the anticipation of its performance in other condition will be powerless. The results show that all of the used indices in low level of salinity have relatively appropriate correlation with GPp and Gps, whereas with increasing stress rates MP, GMP and STI appeared to be much better than others. Genotypes selected based on MP are those with high potential yields. In comparison to MP, GMP is not sensitive to relatively high values of performance in normal and stress conditions and does not have any upward deviation. Meanwhile, STI identifies genotypes that produced high yield in stress and non-stress environments (Hosseini et al., 2012) . As is shown in Figure 1 , in spite of SSI high correlation with GPp and Gps there is no determined trend for introducing the genotypes with the best reply in both conditions based on SSI. Nevertheless, according to Figure 2 , STI can be a suitable index for this proposition. This means that a high correlation with reflections of genotypes in stress and normal conditions is not adequate for determining successful genotypes. In this study, cluster analysis determined that genotypes with high STI, MP and GMP values (Table 6) , can be considered the most tolerant and desirable genotypes for both growth conditions. In the sensitive group the genotypes had high SSI values, demonstrating their susceptibility to salt and aptness only under normal conditions (Ashraf et al., 2015; Menezes et al., 2014) . The results obtained through cluster analysis were confirmed by three-dimensional plots and Principle component analysis, which shows that the models describe the clustering data very well.
Conclusion
The results from this study are very useful for the planning of further barley breeding programs. Salt stress significantly affected the germination of barley genotypes. GMP, MP and STI were more suitable indices for selecting barley genotypes tolerant to salt stress. The barley selection using these indices can be useful for identifying a cultivar with desirable germination under both stress and nonstress conditions; although assessment of tolerance was conducted by using several indices rather than only one, based on cluster and PCA analysis. Result revealed that salinity starts to significantly reduce germination when values more than EC=7.5 ds/m are reached. Yet, among all genotypes ESBYTM8910(C), MBS8715 (H) and 4 Shori (D) showed the best performance in the study. 
